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INTRODUCTION
Despite its low incidence, intraoperative cardiac arrest is a po-
tentially catastrophic event, leading to a high mortality rate.1 
Complicating patient, anesthetic, and surgical factors can be 
associated with the incidence and survival outcomes of cardi-
ac arrest in the operating room.2 Although cardiac arrest due 
solely to anesthesia and mainly related to medication and air-
way issues can still occur in clinical practice, its incidence has 
been gradually decreasing in modern anesthetic practice, and 
patients with anesthesia-related cardiac arrest show a higher 
survival rate than those with intraoperative cardiac arrest due 
to other causes.3 The overall survival outcome after intraoper-
ative cardiac arrest is generally better than that of in-hospital 
cardiac arrest,4 as some surgical causes of cardiac arrest are 
more likely to be reversible and the immediate availability of 
physician-led care in the operating room could improve sur-
vival after arrest by influencing the speed and quality of the 
response. Recent major studies with large surgical populations 
reported that the incidence and survival outcomes of intraop-
erative cardiac arrest may mainly depend on patients’ physio-
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Predicting Mortality after Intraoperative Cardiac Arrest
logical status and operative severity.1,4 Although much atten-
tion has rightly been focused on issues surrounding the fre-
quency and risk factors of cardiac arrest in surgical patients, 
there is relatively little information regarding risk assessment 
tools that can predict its outcome.
Although several prediction models for mortality after in- or 
out-of-hospital cardiac arrest have been developed,5,6 these 
models seem to be unsuitable for surgical patients. Also, pre-
operative cardiac risk assessment based on cardiac function 
and functional capacity does not fully account for other sys-
temic physiological factors and the intraoperative course.7 The 
Physiological and Operative Severity Score for enUmeration 
of Mortality and morbidity (POSSUM) and its Portsmouth mo-
dification (P-POSSUM) are comprehensive assessment meth-
ods used to evaluate patient and surgical factors, consisting of 
a 12-item physiological and 6-item operative severity data 
set.8,9 Each item has a 4-grade exponential severity score used 
to calculate a predicted percent morbidity or mortality using 
logistic regression analysis equations.10 The POSSUM system 
was initially developed for comparative surgical audits and 
has been shown to be a good predictor of morbidity and mor-
tality in various types of surgery.10 We hypothesized that this 
well-validated scoring system would produce standardized 
and balanced information on the major patient and surgical 
factors that influence survival outcomes following intraopera-
tive cardiac arrest.
The aim of this study was to examine the value of POSSUM 
and P-POSSUM in predicting 30-day mortality following intra-
operative cardiac arrest in adult patients undergoing non-car-
diac surgery at a university teaching hospital.
MATERIALS AND METHODS
The Institutional Review Board of Yonsei University Health Sys-
tem approved this study. We analyzed all reported cases of in-
traoperative cardiac arrest in consecutive patients who under-
went non-cardiac surgery and required general or regional 
anesthesia at Severance Hospital, a university teaching hospi-
tal, between January 2007 and December 2012.
For the purpose of this study, we defined cardiac arrest as 
the absence of cardiac rhythm or the presence of chaotic car-
diac rhythm that required the initiation of any component of 
basic and/or advanced cardiac life support. Only cardiac ar-
rests that occurred after anesthesia had been initiated in the op-
erating room were included. Intraoperative cardiac arrest cas-
es were identified from an anesthesia database and a central 
electronic medical records system. We reviewed these cases in 
detail and completed a quality assessment form for each pa-
tient. The form contained the date and location; patient demo-
graphic data according to the American Society of Anesthesiol-
ogists (ASA) physical status classification; surgical procedures; 
surgical area and intraoperative course; anesthesia provider in-
formation; and detailed descriptions of airway, respiratory, car-
diocirculatory, neurological, renal, and miscellaneous events 
in the intraoperative period. The cause of the arrest was deter-
mined from these records, the electrocardiograms, and the lab-
oratory values generated from the operating suites. In addition, 
we obtained the 12-item physiological and 6-item operative se-
verity data sets for the POSSUM analysis (Supplementary Ta-
ble 1 and 2, only online).10 These scoring assessments for the 
POSSUM calculation were completed by the surgeon and an-
esthesia staff responsible for each patient based on the results 
obtained at the time closest to surgery. The data were com-
plete for all 51 patients with both physiological and operative 
severity scores. The mortality risk was calculated using the fol-
lowing POSSUM and P-POSSUM equations:10
The POSSUM equation: ln (R/1-R)=-7.04+(0.13×physiological 
score)+(0.16×operative severity score), where R is the predict-
ed mortality rate.
The P-POSSUM equation: ln (R’/1-R’)=-9.065+(0.1692×phy-
siological score)+(0.1550×operative severity score), where R’ 
is the predicted mortality rate.
We reviewed the postoperative course of each case of intra-
operative cardiac arrest. Patient outcomes were classified as 
survival or mortality within 30 days after intraoperative cardi-
ac arrest.
Statistical analysis
Considering that exponential analysis for POSSUM and linear 
analysis for P-POSSUM have been recommended as appro-
priate statistical methods,10 we used these methods to predict 
mortality for the 30-day postoperative period, replicating the 
analyses used by Wijesinghe, et al.11 The observed-to-predicted 
(O:E) ratio was also calculated for each analysis. Exponential 
analysis calculated the number of individuals expected to die 
within each probability group by subtracting those with a risk 
higher than the upper group limit from those with a risk higher 
than the lower group limit. Negative risk values were dealt with 
by widening the band until it contained a positive number of 
deaths. Linear analysis calculated the average individual risk 
within each risk band multiplied by the number of individuals 
in the band. A comparison was then made between the ob-
served and expected death rate ratio. A ratio over 1.0 indicated 
an underprediction of death, and that below 1.0 indicated an 
overprediction of death. When the values of the observed and 
expected death rates were both 0, the ratio was 1.0. The χ2 test 
was used to detect differences between predicted and ob-
served mortality. In addition to the above calculations, a re-
ceiver operating characteristic curve analysis was undertaken, 
and area-under-the-curve (AUC) values with confidence in-
tervals were calculated for POSSUM, P-POSSUM, and ASA 
grade. The cut-off value of the ASA grade was ≥3 with a 0.3701 
Youden index. The accuracy of the prediction was assessed by 
comparing AUC values using MedCalc (version 12.7.0; Med-
Calc Software, Ostend, Belgium). The normality of data distribu-
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tion was assessed using the Kolmogorov-Smirnov test. Ordinal 
data and continuous data that were not normally distributed 
are presented as medians with interquartile ranges. These data 
were compared between groups using the Wilcoxon rank-sum 
test. Categorical data are reported as the numbers of patients 
with percentages. Statistical analyses were performed using 
SAS (version 9.2; SAS Institute, Inc., Cary, NC, USA). A p val-
ue<0.05 was considered statistically significant.
RESULTS
In the 6 years of the study, anesthesia was administered in 
190486 cases, general anesthesia in 171377 cases, and regional 
anesthesia in 19109 cases. Intraoperative cardiac arrest as de-
fined by our study protocol was confirmed in 51 patients. Pre-
operative patient characteristics of the survival and 30-day 
mortality groups are listed in Table 1. There were 34 men and 
17 women, ranging in age from 19 to 91 years (mean, 56 years).
There were more patients with a poor ASA physical status in the 
mortality group than in the survival group. Patients with liver 
disease, poor functional status, preoperative intubated status, 
and non-alert mental status showed a higher mortality rate. 
Operative characteristics of the survival and 30-day mortality 
groups are listed in Table 2. All 51 patients had been given gen-
eral anesthesia. Major surgery with high risk, use of vasopres-
sors, and massive transfusion were significantly associated 
with high mortality. 
The overall incidence of intraoperative cardiac arrest due to 
all causes was 2.67 per 10000 anesthetic cases. The main cause 
of cardiac arrest was hypovolemia (43.1%), followed by cardiac 
origin (39.2%), sepsis or multi-organ failure (15.6%), and hy-
poxic event (1.9%) (Table 3). With regard to initial electrocar-
diogram rhythm in arrest cases, ventricular tachycardia or fi-
brillation, pulseless electrical activity, and asystole were ob-
served in 24 (47.0%), 21 (41.1%), and 6 patients (11.7%), respec-
tively. Intraoperative cardiac arrest due to hypovolemia and 
non-shockable rhythm showed a poor survival rate. All patients 
immediately received cardiopulmonary resuscitation accord-
ing to recommended guidelines, and delayed detection or im-
proper treatment of arrest was not observed in our study. After 
resuscitation, spontaneous circulation was recovered in most 
of the patients; however, three patients died on the operating 
table. Of the resuscitated patients, 35 were transferred to the 
surgical intensive care unit after surgery. Among 51 patients 
with arrest, 24 (47.0%) died within 24 h and 32 (62.7%) died 
within 30 days. Most of the deaths observed within 24 h post-
operatively, including the three deaths on the operating table, 
involved patients who were in an extremely high-risk group 
(mortality risk of more than 90%). Additionally, two patients 
died due to cancer progression 4 and 18 months after the arrest, 
respectively, and one patient experienced neurologic deficit 
requiring rehabilitation.







Age (%) 0.563 
<65 10 (34) 20 (66) 
≥65 9 (43) 12 (57) 
Gender (%) 0.543 
Men 14 (42) 20 (58) 
Women 5 (30) 12 (70) 
ASA PS (%) 0.010 
I, II 10 (67) 5 (33) 
III, IV, V 9 (25) 27 (75) 
Trauma (%) 0.739 
Yes 2 (40) 3 (60) 
No 17 (37) 29 (63) 
Diabetes mellitus (medication 
  or insulin) (%)
0.392 
No 18 (40) 27 (60) 
Yes 1 (17) 5 (83) 
Hypertension (medication) (%) 0.547 
No 9 (28) 24 (72) 
Yes 10 (56) 8 (44) 
Renal insufficiency (%)* 1.000 
No 15 (39) 24 (61) 
Yes 4 (34) 8 (66) 
Liver disease (%)† 0.037 
No 19 (44) 25 (56) 
Yes 0 (0) 7 (100) 
Cerebrovascular disease (%)‡ 1.000 
No 18 (39) 29 (61) 
Yes 1 (25) 3 (75) 
Heart disease (%)§ 0.236 
No 18 (41) 26 (59) 
Yes 1 (25) 6 (85) 
SIRS/sepsis (%) 0.074 
No 18 (43) 24 (57) 
Yes 1 (12) 8 (88) 
Functional status (%) 0.019 
≥4 METS 13 (57) 10 (43) 
<4 METS 6 (22) 22 (78) 
Consciousness (%) 0.006 
Alert 17 (52) 16 (48) 
Not alert 2 (12) 16 (88) 
Intubated status (%) 0.027 
No 17 (49) 18 (51) 
Yes 2 (13) 14 (87) 
ASA PS, American Society of Anesthesiologists physical status; SIRS, systemic 
inflammatory response syndrome; METS, metabolic equivalents.
Values are number of patients (%).
*Acute/chronic renal failure and/or on dialysis, †Primary liver disease, ‡Histo-
ry of diagnosed cerebrovascular events, §Congestive heart failure.
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Among the 51 patients who experienced intraoperative car-
diac arrest, the overall predicted 30-day mortality rates using 
POSSUM and P-POSSUM were 65.5% and 57.5%, respectively. 
Table 4 shows the POSSUM physiological and operative sever-
ity scores and the mortality rates predicted by POSSUM and 
P-POSSUM in the survival and mortality groups. The POSSUM 
physiological and operative severity scores were significantly 
higher in the mortality group than in the survival group. The 
predicted mortality rates calculated by both POSSUM and P-
POSSUM equations were significantly higher in the mortality 
group than in the survival group. 
The number of deaths predicted by POSSUM with exponen-
tial analysis is shown in Table 5. The O:E ratio for 30-day mor-
tality was 1.07, and there was no significant difference between 
the observed and predicted values (χ2=4.794; df=8; p=0.779). 
P-POSSUM predicted 30-day mortality equally well when the 
linear analysis was used, with an O:E ratio of 1.10 and no sig-
nificant difference between the predicted and observed values 
(χ2=8.905; df=8; p=0.350) (Table 6).
Receiver operating characteristic curves of POSSUM, P-
POSSUM, and the ASA grade for predicting 30-day mortality 
following intraoperative cardiac arrest are shown in Fig. 1. The 
AUC values with 95% CIs were 0.771 (0.634–0.908), 0.785 
(0.651–0.918), and 0.708 (0.549–0.866) for POSSUM, P-POS-
SUM, and the ASA grade, respectively. There were no statistical 
differences in the accuracy of the predictions between ASA 
grade and POSSUM (z=1.208; p=0.227), and P-POSSUM (z= 
1.502; p=0.133). 
DISCUSSION
The 30-day mortality rate of 62.7% following intraoperative 
cardiac arrest in the present study is similar to the 62.6% mor-
tality rate reported in a recent study of 262 cases of intraopera-
tive cardiac arrest.1 In this study, the predicted risks of mortal-
ity calculated by POSSUM and P-POSSUM were 65.5% and 
57.5%, respectively, and these predicted values were close to 
the observed value. Furthermore, the predictive powers of the 







Operative severity (%)* 0.018 
Major 4 (19) 18 (81) 
Moderate/minor 15 (52) 14 (48) 
Urgency (%) 0.365
Elective 8 (48) 9 (52)
Emergency 11 (33) 23 (67)
Time (%) 0.547
Day, Mon-Fri 12 (35) 23 (65)
Night, holiday 7 (44) 9 (56)
Re-operation (%)† 0.543 
No 14 (42) 20 (58) 
Yes 5 (30) 12 (70) 
Use of vasopressors (%) 0.004 
No 14 (59) 10 (41) 
Yes 5 (19) 22 (81) 
≥10 PRBC transfusion (%) 0.001 
No 18 (55) 15 (45) 
Yes 1 (6) 17 (94) 
Duration of surgery (%) 0.132 
<2 hr 4 (24) 13 (76) 
≥2 hr 17 (50) 17 (50) 
PRBC, packed red blood cell.
Values are number of patients (%).
*Operative severity was classified according to Physiological and Operative 
Severity Score for enUmeration of Mortality and morbidity score.8 Major sur-
gery includes any laparotomy, bowel resection, cholecystectomy with cho-
ledochotomy, pancreatic or liver surgery, esophagogastrectomy, and vascular 
procedures, †Reoperation due to any surgical complication within 7 days af-
ter the initial operation. 







Causes (%) 0.005 
Cardiac 12 (60) 8 (40) 
Hypovolemic 3 (14) 19 (86) 
Sepsis/MOF 3 (38) 5 (62) 
Hypoxic 1 (100) 0 (0)
Initial electrocardiogram rhythm (%) 0.023 
Shockable (VT/VF) 13 (55) 11 (45) 
Non-shockable (PEA/asystole) 6 (23) 21 (77) 
MOF, multi-organ failure; VT, ventricular tachycardia; VF, ventricular fibrilla-
tion; PEA, pulseless electrical activity. 
Values are number of patients (%).
Table 4. POSSUM Scores and 30-Day Mortality Predicted by POSSUM and P-POSSUM in the Survival and Mortality Groups
Survival (n=19) Mortality (n=32) p value
 Physiological score 24.00 (20.00–38.00) 51.50 (31.75–56.50) <0.001
 Operative severity score 18.00 (11.00–23.00) 23.00 (17.50–25.75) 0.019
 Total score 47.00 (31.00–56.00) 73.00 (51.00–78.75) <0.001
 POSSUM mortality (%) 44.02 (6.06–68.56) 95.02 (56.03–98.10) <0.001
 P-POSSUM mortality (%) 19.16 (1.84–54.21) 95.46 (31.73–97.84) <0.001
POSSUM, Physiological and Operative Severity Score for enUmeration of Mortality and morbidity; P-POSSUM, Portsmouth modification POSSUM.
Values are median (interquartile range) or number of patients.
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two systems were similar, with O:E ratios of 1.07 and 1.10 and 
AUC values of 0.771 and 0.785, respectively, indicating a high 
accuracy in predicting overall mortality.
POSSUM, as originally developed by Copeland, et al.,8 uses 
exponential analysis, which has been criticized for not being a 
standard statistical method and for the difficulties in assign-
ing a risk score to an individual patient using this method.10 P-
POSSUM using linear analysis was proposed by Whiteley, et 
al.9 to counter this shortcoming of POSSUM in overestimating 
mortality, especially in low-risk patients. POSSUM and P-POS-
SUM are generally known to overestimate the mortality rate 
for low-risk surgical procedures.10 However, P-POSSUM might 
be more accurate in specific procedures involving a high de-
gree of difficulty, whereas POSSUM shows a tendency to over-
predict the risk of death.12,13 In several studies, both POSSUM 
and P-POSSUM were reported to be good predictors of mor-
tality following emergency surgery, with similar predictive 
powers.14,15 Collectively, previous studies indicate that the ac-
curacy of these two systems can be affected by various patient 
characteristics and the clinical settings in which the surgeries 
are performed. The majority of previous studies regarding 
POSSUM and P-POSSUM have concentrated on surgical pa-
tients at low risk (mortality risk of less than 10%), whereas our 
study included a large number of predominantly higher-risk 
patients. This distinguishing distribution of the study popula-
tion may diminish the tendency of mortality risk overestima-
tion by the two systems, particularly by POSSUM. The reported 
O:E mortality ratio varied at each risk band in this study, simi-
lar to the findings of previous studies. This variation is mainly 
because the actual observed mortality is relatively low and, in 
smaller populations, one or two deaths can change the O:E ra-
tio significantly. However, despite the small number of patients 
in each risk band, it should be recalled that both POSSUM and 
P-POSSUM showed a tendency of underestimation, particu-
larly in the predicted 30-day mortality rate of less than 50%, 
contrasting with other studies. Thus, considering the poten-
tially fatal outcome of intraoperative cardiac arrest, there is a 
possibility of unexpected mortality within 30 days after surgery 
in the low-risk group.
A recent multicenter study involving over 400 participating 






Actual number of deaths 
within 30 days
O:E ratios for 30-day 
mortality
<10 8 0 1 0
10–29 3 0 2 0
20–29 1 0 0 1
30–49 5 2 4 2
40–49 4 2 3 1.50
50–89 12 7 7 1
60–89 8 5 3 0.60
70–89 3 2 2 1
80–89 2 2 1 0.50
90–100 23 21 18 0.86
0–100 51 30 32 1.07
O:E, observed-to-predicted; POSSUM, Physiological and Operative Severity Score for enUmeration of Mortality and Morbidity.






Actual number of deaths 
within 30 days
O:E ratios for 30-day 
mortality
<10 10 0 3 0 
10–19 3 0 1 0
20–29 4 1 4 4
30–39 4 1 3 3
40–49 2 1 1 1
50–59 2 1 0 0
60–69 1 1 1 1
70–79 0 0 0 1
80–89 3 3 1 0.33
90–100 22 21 18 0.86
0–100 51 29 32 1.10
O:E, observed-to-predicted; P-POSSUM, Portsmouth Modification Physiological and Operative Severity Score for enUmeration of Mortality and Morbidity.
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hospitals demonstrated that several patient characteristics and 
medical conditions were associated with lower survival rates 
after perioperative arrest.4 These predictors included older age 
and the presence of congestive heart failure, shock, metabolic 
abnormality, metastatic malignancy, renal insufficiency, sep-
sis, myocardial infarction, and neurologic disability. Interest-
ingly, the POSSUM scoring system developed over 20 years 
ago reflects most of these predictors. In the present study, the 
POSSUM physiological score was nearly twice as high in the 
mortality group as it was in the survival group, and critically-ill 
patients with a high ASA grade had a higher mortality rate af-
ter arrest. A higher ASA grade is known as a predictor of both a 
higher incidence of intraoperative cardiac arrest and a poorer 
outcome.2 In this study, we could not find a statistical differ-
ence in the accuracy of prediction for mortality after cardiac ar-
rest between ASA grade and POSSUM systems. Some physi-
cians may argue that ASA grade is simpler to apply; however, 
ASA grading has the potential disadvantage of subjective fit-
ness assessment. In addition, the ASA grade does not account 
for any operative severity components, and it cannot provide 
the predictive mortality rate as a percentage. Our results sug-
gest that POSSUM systems provide useful information to phy-
sicians that can be used to identify high-risk patients (espe-
cially those with a mortality risk of more than 90%) who need 
close attention during perioperative care, and they may also be 
helpful in clinical decision-making related to a “do not resusci-
tate” order in cases of intraoperative cardiac arrest. Previous 
studies have shown that the POSSUM and P-POSSUM systems 
have been more reliable for mortality risk assessment than the 
ASA grade alone in patients undergoing high-risk surgery.16-18
Intraoperative blood loss, as indicated by the amount of 
blood transfused, is the single most important factor related to 
intraoperative cardiac arrest among various risk factors.1 Mo-
reover, shockable arrest rhythms accompanied by massive 
surgical exsanguination showed a very poor response to defi-
brillation.4 In the current study, hypovolemia was the most com-
mon cause of intraoperative cardiac arrest (22 of 51 patients), 
and most of the patients were given a massive transfusion of 
more than 10 erythrocyte units during surgery (18 of 22 pati-
ents). Unfortunately, these cases resulted in high case fatality 
rate of 86% within 30 days postoperatively (19 of 22 patients). 
With the POSSUM physiological score, certain parameters 
such as low hemoglobin, low systolic blood pressure, and high 
pulse rate indicated a preexisting hypovolemic condition. How-
ever, with the POSSUM operative severity score, intraopera-
tive blood loss of more than 1000 mL accounted for only 8 of 44 
scores, as this score was derived from the general surgical po-
pulation.8 This underweighted blood loss score may have led 
to a degree of inaccuracy in the POSSUM predictions in our 
study, although the POSSUM operative severity score included 
major surgery involving a high degree of difficulty and emer-
gency surgery, which is closely associated with higher rates of 
surgical morbidity and mortality.
With regard to the type of anesthesia, no cases received a re-
gional anesthesia in this study. Cardiac arrest due solely to an-
esthesia mainly related to anesthetics overdose and airway 
problems that may have been associated closely with general 
anesthesia.3 In this study, there were no cardiac arrest cases 
due solely to anesthesia. However, despite a low incidence, car-
diac arrest wholly or partially attributable to anesthesia occu-
rred in the operating room or the post-anesthesia care unit.3,19 
In this study, one patient experienced cardiac arrest due to a 
loss of airway patency during a tracheostomy tube change in 
the operating room. In addition, three patients experienced 
cardiac arrest due to respiratory distress caused by narcotic 
overdose or inadequate reversal of muscle relaxants in the post-
anesthesia care unit. We excluded these three cases of anes-
thesia-attributable arrests in the post-anesthesia care unit, as 
this study focused on patient and operative factors represent-
ing the POSSUM scoring system during surgery. All cases of 
intraoperative cardiac arrest, including those attributable to 
anesthesia, were in patients with a high ASA grade and other 
challenges, with cardiovascular problems being the predomi-
nant issues.3,19 Unfortunately, anesthesia-related factors are 
not included in the POSSUM systems. However, even if some 
contributory factors induced by anesthesia affect the occur-
rence and outcome of arrest in this study, our results still dem-
onstrated that POSSUM and P-POSSUM performed satisfac-
torily in predicting mortality following cardiac arrest under 
general anesthesia.
Fig. 1. Receiver operator characteristic curves for the POSSUM, P-POS-
SUM, and American Society of Anesthesiologists (ASA) grade in the pre-
diction of 30-day mortality after intraoperative cardiac arrest. The area-
under-the-curve values with 95% confidence intervals were 0.771 
(0.634–0.908), 0.785 (0.651–0.918), and 0.708 (0.549–0.866) for POSSUM, P-
POSSUM, and ASA grade, respectively. POSSUM, Physiological and Op-
erative Severity Score for enUmeration of Mortality and morbidity; P-
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This study is limited by the fact that it was a single-center 
study involving a small number of select patients. In a retro-
spective power analysis using a two-sided z-test, the power 
required to detect a difference in AUC values between POS-
SUM/P-POSSUM and the null hypothesis of 0.500 was 92.8% 
and 95.3% at a significance level of 0.05, respectively. Sample 
size, distribution, and different clinical settings may affect the 
ac curacies of the scoring systems.12,20 Thus, further research 
including a larger population may be needed to verify the val-
ue of POSSUM and P-POSSUM as indicators of outcome after 
cardiac arrest in surgical patients.
In conclusion, both POSSUM and P-POSSUM showed high 
accuracy in predicting overall 30-day mortality following intra-
operative cardiac arrest in adults undergoing non-cardiac sur-
gery at a university teaching hospital in Korea. Thus, in a re-
search setting with adequate resources, POSSUM systems, as 
a basis for making clinical decisions, appear to be suitable risk 
assessment tools for predicting mortality following intraoper-
ative cardiac arrest, especially in high-risk patients.
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